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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for improving 
surface toughening properties of a brittle crystalline material by 
accumulating lattice defects such as sub- boundaries 
(dislocations) together with deformation in the crystal of the 
brittle crystalline material. 

SOLUTION: This surface toughening method for a brittle 
material is to strike an indenter. or the like, into the surface of 
the brittle crystalline material at room temperature, e.g. to strike ^ 
minute impressions each having a groove width of 0.001-1 \m 
into the surface of the brittle crystalline material at room 
temperature by means of a Vickers hardness tester with an 
apical wide angle of 136o in a number density of 500- 
10,000/mm2 under a load of 100-500 g, and then to perform 
simple annealing (healing or annealing) in an atmosphere at a 
temperature not lower than 0.5 TM, and not higher than TM 
(wherein TM is the absolute temperature of the melting point) in 
such a way that the impressions substantially disappear and 
dislocation sub-boundaries are introduced at the same time. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface toughening approach of the brittle crystal ingredient which carries out 
simple annealing so that a rearrangement subgrain boundary may be introduced at the same 
time said indentation disappears substantially in the ambient atmosphere of under TM more 
than 0.5TM (however, TM absolute temperature of the melting point) after driving 500-10,000 
detailed indentations /with a flute width of 0.001-1 micrometer into a brittle crystal ingredient 
front face by the consistency of 2 mm using an indenter etc. in a room temperature. 
[Claim 2] The surface toughening approach of the brittle crystal ingredient according to claim 1 
characterized by being the Vickers hardness meter with which the indenter which drives 500- 
10,000 detailed indentations /with a flute width of 0.001-1 micrometer into a brittle crystal 
ingredient front face by the consistency of 2 mm In a room temperature added Loads 100- 
500g. 

[Claim 3] The surface toughening approach of the brittle crystal ingredient according to claim 1 
or 2 characterized by a brittle crystal ingredient being an yttrium aluminum garnet single 
crystal. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new surface toughening approach of a 

brittle crystal Ingredient. 

[0002] 

[Description of the Prior Art] Work hardening to which lattice defects, such as a rearrangement, 
are stored up in a crystal Ingredient into a crystal with deformation is the most general 
toughening method of a crystal ingredient. However, with the brittle material, although said 
toughening method can be widely used by plastic deformation with a ductile material like the 
metallic material which can introduce lattice defects, such as a rearrangement, into a crystal 
ingredient in large quantities, since plastic defonnation is improper, it has been thought 
theoretically that toughening by work hardening is impossible. 

[0003] By the way, various examination is made about the mechanical physical properties of a 
brittle material. Especially, about a brittle fracture, if a crystal is in an ideal condition, a brittle 
fracture will happen by destroying an interatomic bond. Therefore, reinforcement must be 
equal to destructive power. Orowan proposed the following formulas and is teaching this ideal 
reinforcement (correctly ideal cleavage reinforcement). 
Two=E [ sigmam=(EgammaO/a) 1/]/10 (formula A) 

(E of Young's modulus and a is [ the interatomic distance of a cleavage plane and gamma 0 ] 
the surface energy of a cleavage plane.) Therefore, according to the formula (A), Young's 
modulus is large, surface energy is large, and it is shown that the high crystal of an atomic pair 
consistency may show big reinforcement potentially. The disruptive strength of an actual 
ingredient is farther [ than the reinforcement expected from said formula ] low. In many cases, 
this cause is based on the crack which exists during a crystal during product manufacture, and 
the crack introduced by carrying out the seal of approval of the stress. 
[0004] Griffith formulized first the brittle fracture of the ingredient with which such a crack 
exists, and the degree type is proposed using the conditions to which the energy released by 
destruction and the surface energy of the newly generated fracture surface always become 
equal. 

sigmaf=(2Egamma0/pic) 1/2 (fonnula B) 

(c shows the die length of the crack which exists first) In said formula (A) and (B), a Is 0.1 nm 
order, and since c is mum order, it is expressed with sigmaf**10-2sigmam**10-3E, and 
becomes a value near an observation. Therefore, the breaking stress in this case is expressed 
with Fomiula C. 

sigmaf=(1/Y) (2 Egammaf/c) 1/2=KIC/Yrootc (formula C) 

It is the constant it is decided in the configuration of a crack and a sample that [Y will be, and 
the constant to which KIC is called fracture toughness, and is the critical value of a stress 
intensity factor in case a crack starts progress rapidly. The excessive energy by slowdown 
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(blunting) of the crack from which the plastic deformation which gammaf is effectual surface 
energy (called breaking energy), and can be set near the crack tip arises by the basis, fission 
of the fall crack of stress, etc. was added to surface energy. ] KIC can be used as a kind of 
ingredient constant, and KIC can be calculated by being able to presume the die length of a 
crack and measuring the die length of a crack conversely by getting to know KIC. Moreover, 
while enlarging KIC from the above-mentioned formula (C), it is understood that it becomes 
improvement in reinforcement to make crack length as small as possible. And as a toughening 
method based on this examination, it 5. curve (bowing) 6. Draws out (pull out), and 1 . 
rearrangement (dislocation), 2. phase transition (phase transition), 3. micro crack (micro- 
crack), 4. crack deviation (crack deflection), the shielding effect (shielding effect) by 7. bridge 
formation (bridging) and 8. compressive residual stress, etc. are examined. 
[0005] On the other hand, on the minute crack and concrete target generated on the front face 
in research of "direct observation of the rearrangement generation from the crack tip under hot 
silicon crystal" The indenter of the Vickers micro hardness tester was used for the ground 
wafer front face at the room temperature, and it was introduced into it by pushing (a load is 
0.25 or 0.50N and the load of a load and the rate of removal were performed by 16.67Ns-1.). A 
minute crack (sharp crack) is thin film removal (it is based on a chemical process and two 
processes of argon ion milling.) of the elastic-plastic deformation field of the circumference of 
the indentation section. Closing only a short distance and starting healing is known [it is called 
Y.-H.Chaiao and D.R.Clarke, Acta metall., 37 (1989), and the below 203: reference 1]. Said 
observation is performing generating of the rearrangement (dislocations) from the crack tip 
under silicon crystal on conditions with a temperature of 550-750 degrees C using the 
transmission electron microscope to the bottom of the compound condition of temperature and 
stress. However, there is no publication which mentions the relation between this phenomenon 
and toughening of a product. 
[0006] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering 
the approach of storing up lattice defects, such as a subgrain boundary (rearrangement), in a 
brittle material into a crystal with deformation, and improving the tough property of the front 
face of a product, this invention person etc. said improvement approach from the introductory 
phenomenon of the rearrangement into the crystal of a publication in said reference 1 in 
examining wholeheartedly Even if it does not perform plastic deformation hot [ conventional ], 
lattice defects, such as a rearrangement, can be introduced with deformation into a brittle 
crystal ingredient product, and it is thought that it can raise tough nature. In various attempts 
After very small crack introducing at a room temperature, it is possible to form a subgrain 
boundary (rearrangement) by simple annealing in an elevated temperature, and it discovered 
that tough nature could be raised by this. 
[0007] 

[Means for Solving the Problem] After driving 500-10,000 detailed indentations /with a flute 
width of 0.001-1 micrometer into a brittle crystal ingredient front face by the consistency of 2 
mm using an indenter etc. in a room temperature, this invention is the surface toughening 
approach of the brittle crystal ingredient which carries out simple annealing so that a 
rearrangement subgrain boundary may be introduced at the same time said indentation 
disappears substantially in the ambient atmosphere of under TM more than 0.5TM (however, 
TM absolute temperature of the melting point). It is the surface toughening approach of said 
brittle crystal Ingredient characterized by being the Vickers hardness meter with which the 
indenter which drives 500-10,000 detailed indentations /with a flute width of 0.001-1 
micrometer into a brittle crystal ingredient front face by the consistency of 2 mm in a room 
temperature added Loads 100-500g preferably. Furthermore, it is the surface toughening 
approach of said brittle crystal ingredient preferably characterized by a brittle crystal ingredient 
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being an yttrium aluminum gamet single crystal, this invention person solved said technical 
problem by combining very small crack installation at a room temperature, and simple 
annealing (annealing or healing) in the elevated temperature after said minute crack 
installation. 
[0008] 

[The mode of operation of this invention] This invention is explained more to a detail. 
A. Say the detailed indentation with a flute width [ of 0.001-1 micrometer ], and a depth of 0.1- 
50 micrometers in which the minute crack formed in a brittle material front face is formed of 
indenters, such as a Vickers hardness meter, etc. The means which can form the shattered 
crack which demonstrates the operation effectiveness of surface toughening of a brittle crystal 
ingredient by simple annealing of this invention illustrated here in said flute width and depth 
whose indenter etc. is (mechanical process) is named generically. [ like a Vickers hardness 
meter or shot peening ] Setting the width-of-face minimum of a slot to 0.001 micrometers 
because the dislocation density introduced by healing was small for attaining the purpose of 
this invention, it is because healing takes long duration for having set the upper limit to 1 
micrometer. Moreover, limitation of the depth is also depended on exfoliation prevention of a 
surface part. As for the consistency of a minute crack driven in, it is desirable from an 
experimental result to set 500-10,000 pieces /to 2 mm. Although what kind of thing may be 
used as long as it is the means which can form said minute crack as a placing means of a 
minute crack, means, such as a Vickers hardness meter and shot peening (it is the technique 
used for the approach of striking a hard particle on the surface of a metallic material, and 
carrying out plastic deformation of only near the front face.), can be mentioned as a desirable 
thing. Grant of the shattered crack by shot peening is a leading approach for industrialization of 
this invention. 

[0009] B. Simple annealing (healing or annealing) by heating after giving a minute crack can 
be performed under by TM more than 0.5TM (however, TM absolute temperature of the 
melting point). If the description of the formation approach of the subgrain boundary 
(rearrangement) by healing of this invention does not apply a means to introduce a lattice 
defect in the condition of causing the plastic deformation of 0.5 or more TMs conventionally, it 
is for what was considered that it cannot attain toughening of a brittle material to have 
discovered that toughening of a brittle material could be attained only by carrying out simple 
annealing after a minute crack devotes itself. 

[0010] C. Although many things contained in the range of the conventional brittle crystal 
ingredient are contained in the crystal product which can apply said surface toughening 
approach, the crystal of an yttrium aluminum garnet (YAG), silicon, etc. can be mentioned. 
[0011] 

[Example] Mirror plane finish of the front face of example 1 yttrium aluminum gamet (YAG, an 
abbreviated name, melting point 221 5K) was carried out, the Vickers hardness meter (a tip 
wide angle is 136 degrees) was used for the front face which has bearing of (001) at the room 
temperature, and the minute indentation (crack) was driven into it 500 consistencies/mm by 
100g of loads 2. The optical microscope photograph in which the condition that the indentation 
was driven into drawing 1 (a) in the shape of a grid on the front face is shown is shown. The 
crack has occurred from the corner of an indentation. Drawing 2 (a) is the histogram of the die 
length of the crack searched for from drawing 1 (a). Said single crystal which introduced the 
shattered crack was annealed at 1500 degrees C. The indentation was again driven in 
according to the above-mentioned indentation placing conditions. Drawing 1 (b) is the optical 
microscope photograph of the formed indentation, and drawing 2 (b) is the histogram of the die 
length of the crack searched for from drawino 1 (b). (c) of drawing 1 and (c) of drawing 2 are 
the histogram of the die length of the microphotography which drove in the indentation, and the 
crack searched for from (c) of drawing 2 , after annealing further the sample shown in drawing 
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1 (b). In drawing 1 (b) and (c), it turns out that the die length of the crack generated from the 
corner of an indentation is short compared with drawing 1 (a). 
[0012] KIC [fracture toughness (toughness reinforcement)] =0.016(E/H) 1 / 2 (P/c 3/2) 
E= 286.78Pa (a load and whose c of the Vickers reinforcement and P however, Young's 
modulus and H are the one half of crack length for E), H= 1410, P= 0.98 Ns, c = toughness 
reinforcement is called for by substituting said drawing 1 and the die length of the crack 
searched for from 2. As for that to which that whose die length of a crack of the single crystal 
before processing of this invention was about 16 micrometers carried out after [ an indentation 
seal of approval ] healing (simple annealing) processing from the histogram of drawing 2 , it 
turns out that the die length of a crack is decreasing to about 10 micrometers or less. If it puts 
in another way, you can understand that toughness reinforcement has been improved notably. 
According to count, it is thought that the toughness value improved twice [ about ]. 
[0013] Drawin g 3 shows change of KIC (toughness reinforcement) at the time of repeating the 
after [ an indentation seal of approval ] healing processing shown by drawin g 1 . It turns out 
that the rise of KIC (toughness reinforcement) is mostly saturated with 1 time of healing. 
[0014] The place which gazed at the organization of the indentation before and behind healing 
with the transmission electron microscope (focused ion beam equipment was observed by 
JEOL 200CX by Hitachi FB-2000, and the transmission electron microscope was observed with 
the acceleration voltage of 200kV.), Although it was deforming directly under the indentation 
very violently before healing and much cracks had spread from directly under [ indentation ] to 
a remarkable distance, after annealing, it was observed that a crack is mostly extinguished by 
healing and the about 1 -micrometer subgrain boundary is formed. This subgrain boundary is 
not only formed from the generating location of said subgrain boundary of recovery of the field 
directly under an indentation which deformed violently, but when a crack was extinguished by 
healing, also consisting of dislocation networks generated since bearings of the crystal joined 
again differed slightly was observed. Moreover, it was observed that the dislocation network is 
generated in the field from which the crack started healing from transmission electron 
microscope observation of the crack which made healing start partially by short-time annealing 
intentionally. 
[0015] 

[Effect of the Invention] Unless plastic deformation is made to cause conventionally at the 
elevated temperature more than 0.5TM (for TM to be the absolute temperature of the melting 
point) as stated above according to this invention In the brittle crystal ingredient considered 
that installation cannot do a lattice defect, it sets, after very small crack introducing at a room 
temperature. A subgrain boundary (rearrangement) can be made to form by simple annealing 
in an elevated temperature, and the outstanding effectiveness [ say / that the surface 
toughness strength property of a brittle crystal ingredient is improved by this ] is brought about. 



[Translation done.] 
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